Abstract Federal law now requires FDA to disseminate information on chemicals in cigarette smoke, but it is unclear how best to do so. In a 2 9 2 between-subjects experiment, participants received a message about chemicals in cigarette smoke (e.g., ''Cigarette smoke has benzene.'') along with an additional randomly assigned messaging strategy: a ''found-in'' (e.g., ''This is found in gasoline.''), a health effect (e.g., ''This causes heart disease.''), both, or neither. Participants were U.S. probability phone samples of 5000 adults and 1123 adolescents, and an online convenience sample of 4130 adults. Adding a health effect elicited greater discouragement from wanting to smoke cigarettes (all p \ .05) as did adding a found-in (all p \ .05). However, including both messaging strategies added little or nothing above including just one. These findings can help the FDA and other agencies develop effective and parsimonious messages about cigarette smoke constituents.
Introduction
Globally, cigarette smoking causes 6.3 million deaths annually, including 602,000 from exposure to secondhand smoke (Lim et al., 2012) . The fundamental source of the harm from smoking is the array of thousands of constituents (chemicals and other toxic components) in cigarette smoke, including at least 72 carcinogens (Rodgman & Perfetti, 2013; Hecht, 2012) . The general public knows little about what is in constituent smoke, with most people only being able to reliably identify carbon monoxide, nicotine, and ''tar'' (Hall et al., 2014) . Only one-third of American smokers know that cigarette smoke contains ammonia and arsenic and fewer know it contains lead, mercury, or radioactive elements (Cummings et al., 2004; Siahpush, 2006) . The general public also has limited knowledge about the many health effects of smoking-for example, only 40 % reported knowing that smoking can cause impotence (ITC Project, 2014) .
Many smokers want to learn more about the constituents in smoke (Crawford et al., 2002) . Prior studies have found that health communication campaigns that include constituent information have the potential to both increase knowledge and reduce smoking intentions (Siahpush, 2006; Swayampakala et al., 2015; Thrasher et al., 2013) . Recognizing the potential utility of health messages about constituents, the Food and Drug Administration (FDA) recently launched ''The Real Cost'' youth tobacco prevention campaign, which highlights the presence and harmful effects of toxic constituents in cigarette smoke (FDA, 2014 Guidelines for Article 10 of the WHO Framework Convention on Tobacco Control (FCTC) require each member to disclose information about the toxic constituents and emissions of tobacco products to inform the public about the ''health consequences, addictive nature, and mortal threat'' posed by smoking and smoke exposure (WHO Working Group 2014). Multiple countries now require constituent messages on cigarette packs. For example, Australian cigarette packs have messages such as ''WARNING: BDE (1,3 Butadiene) is found in large amounts in tobacco smoke. BDE causes leukaemia and other cancers.'' Mexico has implemented constituent-related messages including ''CONTAINS THALLIUM: Poison used in rat poison and insecticides.'' The example from Australia provides the name of the constituent and then describes a negative health effect associated with exposure to it whereas the example from Mexico explains that the constituent thallium, which is found in cigarettes, is also found in rat poison. It is currently unclear which type of messaging strategy most effectively conveys the risks of cigarette smoking and whether both strategies together are more effective in eliciting quit intentions and behavior.
The U.S. Family Smoking Prevention and Tobacco Control Act gave the FDA authority to require tobacco companies to provide constituent information to consumers, such as on cigarette packs (Family Smoking Prevention et al., 2009) . Because most constituents have technical-sounding names that are unfamiliar to the lay public, learning that cigarette smoke contains a particular constituent is often either uninformative or results in individuals inferring meaning and potential harms that may have little factual basis (Moracco et al., 2016) . In other words, unless one is a chemist, a list of chemical names alone is often not useful to lay people. Given the high smoking rate among less educated Americans, constituent information without context is likely to be of little use to those who need it most (Jamal et al., 2015) .
Although both of the health effect and ''found-in'' messaging strategies are widely employed, no published studies to date have explicitly tested whether these two strategies, either separately or in combination, are more effective in discouraging smoking than a message with a constituent by itself. The elaboration likelihood model suggests that when individuals are motivated and cognitively capable of assessing a health message's arguments, they process the message with a greater degree of elaboration, often leading to long-term changes in corresponding attitudes and beliefs (Jones et al., 2003; Petty and Cacioppo, 1986) . Otherwise, changes are more short-lived. We expect that adding a health effect or found-in strategy to a constituent message would increase an individual's motivation to think about and process the message, leading to a greater impact on smoking-related attitudes and beliefs than a message that simply presents the name of a constituent. Constituent messages with both strategies may be more potent than those with only one.
Several studies have examined the effectiveness of different types of pictorial warning labels for cigarette smoking and the psychological processes through which these labels impact smoking behaviors (Cameron et al., 2015; Noar et al., 2016) . However, researchers have not examined the most effective types of constituent disclosures that could be integrated into or supplement graphic warning labels, a critical research need for FCTC implementation (Hammond et al., 2013) . Our study sought to address this research gap on constituent messaging strategies. Using three national U.S. samples, we presented messages about cigarette smoke constituents that experimentally varied health effect and found-in strategies. Because the impact of health messages sometimes varies by demographic factors such as socioeconomic status, sex, and smoking status (Huang & Shen 2016; Spence et al., 2013; Toll et al., 2008; Viswanath and Ackerson, 2011) , we also explored the relative effectiveness of these strategies across selected subpopulations.
Methods Participants
From September 2014 to June 2015, we recruited a U.S. national sample of 5014 adults (ages 18 and older) using random digit dial landline and cell phone frames. Details on sampling design and survey methods are available elsewhere (Boynton et al., 2016) . In parallel, using a multiframe approach with both random digit dial and list assisted sampling frames, we recruited a national population-based sample of 1125 adolescents. We also recruited an online convenience sample of 4137 adults in October 2014 using Amazon Mechanical Turk (www.mturk.com). Due to missing data on the outcome variable, the sample sizes for analyses were 5000 (adult phone), 1123 (adolescent phone), and 4130 (adult online).
Procedures
Interviewers obtained verbal consent from respondents and, for adolescents, also from a parent or guardian. In a 2 9 2 between-subjects factorial experiment, participants received one randomly-assigned message about a harmful constituent in cigarette smoke. The first experimental factor manipulated whether the message included a health effect (e.g., permanent breathing problems) associated with a given constituent. The second experimental factor manipulated whether the message described a constituent's familiar use or source that we refer to as a ''found in'' (e.g., fertilizer). Thus, participants received a message with information about a constituent in one of four conditions: either, both, or neither (control) of the health effect and found-in messaging strategies corresponding to that constituent. To ensure that the results were not idiosyncratic to a particular constituent, each message focused on one of six randomly assigned constituents (i.e., acrolein, ammonia, benzene, crotonaldehyde, formaldehyde, or naphthalene). We selected these constituents from the FDA's list of harmful and potentially harmful cigarette and cigarette smoke constituents (FDA, 2012) . The message elements appear in Table 1 . Participants in the phone surveys heard messages over the phone, while those in the online survey read them as text on a screen. An example of a message with both strategies is, ''Cigarette smoke has ammonia. This is found in fertilizer and causes permanent breathing problems.'' ''Cigarette smoke has acrolein,'' is an example of a control message. The IRB at the University of North Carolina approved all three studies.
Measures
The phone and internet surveys used functionally identical items. The primary outcome was discouragement from wanting to smoke, which was measured with an item asking, ''How much does this [the constituent message] discourage you from wanting to smoke?'' Response options were ''not at all'' (coded as 1), ''a little'' (2), ''somewhat'' (3), and ''a lot'' (4). We conducted multiple rounds of cognitive interviews with 18 adult and adolescent smokers and nonsmokers to assess comprehension of the primary outcome measure (Willis, 2005) . Participants found the item to be clearly worded and interpreted the item as intended.
The surveys assessed age, sex, race, ethnicity, education (own education for adults and maternal education for adolescents), numeracy, household income (adults only), and smoking status. To assess numeracy, the surveys asked, ''In general, which of these numbers shows the biggest risk of getting disease?'' (Lipkus et al., 2001) . Response options were ''1 in 100'', ''1 in 1000'', or ''1 in 10'' (the correct response). We coded participants who answered this question correctly as having high numeracy and others as having low numeracy. For the adult surveys, we defined a current smoker as someone who had smoked at least 100 cigarettes in their life and currently smokes every day or some days; for the adolescent survey, we defined a current smoker as someone who smoked at least once in the past thirty days (Arrozola et al., 2015; Davis et al., 2009 ).
Statistical analysis
We analyzed data from the three samples separately. To determine whether randomization created equivalent groups, we used multiple logistic and multinomial logistic regression to examine whether five demographic characteristics (sex, race, numeracy, smoking status, and income among adults or maternal education among adolescents) predicted the experimental condition for health effect, found-in, and their interaction in each sample. Across 45 models, 5 associations were statistically significant (all p \ .05); because analyses adjusting for the factors involved in these associations (sex, numeracy, smoking status, and income) did not substantively change the experimental results, we present only the unadjusted estimates.
We used 2 9 2 between-subjects factorial ANOVA to examine the impact of the health effect and found-in strategies on discouragement from wanting to smoke and computed partial eta squared (g p 2 ) to characterize effect sizes. In exploratory analyses, we used three-way ANOVA to examine potential moderators (age and income among adults, sex, race, ethnicity, education, numeracy, and smoking status) of the impact of these strategies on discouragement. The majority of respondents across all three samples selected the highest level of discouragement (''a lot'') in response to their assigned message, resulting in negatively skewed distributions. In order to confirm that Constituent messages with both strategies presented a found-in followed by the corresponding health effect in a single sentence this non-normality did not affect our results, we employed the PROC MULTTEST procedure in SAS for post hoc comparisons, using the bootstrap method to adjust p-values for all t-tests. Because this bootstrapping procedure is nonparametric, it is robust to violations of normality. We conducted analyses in March 2015 to February 2016 using SAS (v. 9.4) and unweighted data. All significance tests were two-tailed and used a critical alpha of .05.
Results

Sample characteristics
The mean ages of adult phone and online participants were 45.9 (SD = 17.3) and 33.6 (SD = 10.9). Around one-third (34.2 %) of adult phone participants and many (43.2 %) online participants had a bachelor's or advanced degree (Table 2 ). In the adolescent sample, 52.3 % had a mother with a bachelor's or advanced degree. A minority of adults (23.0 % phone, 37.8 % online) and adolescents (3.7 %) were smokers.
Adolescent phone survey
Adolescents who received a message with a health effect had higher discouragement (M = 3.82, SD = 0.62) than those who did not (M = 3.69, SD = 0.71; p = .002), and those who received a message with a found-in had higher discouragement (M = 3.81, SD = 0.62) than adolescents who did not (M = 3.69, SD = 0.71; p = .003; Table 3 ). The effect sizes were similar for health effect (g p 2 = 0.009) and found-in (g p 2 = 0.008). Found-in strategies moderated the impact of health effect strategies (p \ .001; Fig. 1 , Panel 1). Post-hoc analyses showed that messages with only a health effect elicited greater discouragement than messages with neither strategy (p \ .001). Messages with only a found-in or both strategies did not differ from each other.
Adult phone survey
Adults who received a message with a health effect had higher discouragement (M = 3.57, SD = 0.91) than those who did not (M = 3.43, SD = 1.00; p \ .001). Those who received a message with a found-in had higher discouragement (M = 3.54, SD = 0.94) than adults who did not (M = 3.47, SD = 0.97; p = .01; Table 3 ). The health effect strategy (g p 2 = 0.005) accounted for somewhat more variance in discouragement than the found-in strategy (g p 2 = 0.001). The impact of health effect strategies was moderated by found-in strategies (p = .01; Fig. 1, Panel  1) . Post-hoc analyses showed that messages with only a health effect caused higher discouragement than messages with neither strategy (p \ .001). Messages with a found-in only or both strategies were not different from each other.
Nonsmokers (M = 3.71, SD = 0.78) were more discouraged than smokers (M = 2.83, SD = 1.16; F(1, 4985) = 858, p \ .001). In exploratory analyses, we found that the interaction between found-in and smoking status was statistically significant (F(1,4985) = 5.33, p = .02; Fig. 1, Panel 2) . Smokers who received a message with a found-in (M = 3.71, SD = 0.78) had higher discouragement than those who heard a message without a found-in (M = 3.70, SD = 0.77; p = .02), but nonsmokers had overall high discouragement that did not differ by found-in condition.
Adult online survey
Adults who viewed a message with a health effect had higher discouragement (M = 3.29, SD = 0.94) than those who did not (M = 3.01, SD = 1.04; p \ .001), and those who received a message with a found-in had higher discouragement (M = 3.26, SD = 0.96) than those who did not (M = 3.04, SD = 1.03; p \ .001; Table 3 ). Health effect (g p 2 = 0.02) accounted for more variance in discouragement than found-in (g p 2 = 0.01). Found-in strategies moderated the impact of health effect strategies (p \ .001; Fig. 1, Panel 1) . In post hoc analyses, messages with only a health effect impacted discouragement more than messages with neither strategy (p \ .001). Messages with both strategies also elicited greater discouragement than messages with only a found-in (p \ .001), but this difference was smaller than the previous effect.
Nonsmokers (M = 3.45, SD = 0.85) were more discouraged than smokers (M = 2.65, SD = 1.01; F(1, 4117) = 806, p \ .001). Exploratory analyses found that the interaction between found-in and smoking status was statistically significant (F(1,4117) = 7.51, p = .006; Fig. 1 , Panel 2). Post-hoc analyses showed that smokers who received a message with a found-in (M = 2.80, SD = 1.02) had higher discouragement than those who received a message with no found-in (M = 2.50, SD = 0.99, p \ .001). Similarly, nonsmokers (M = 3.54, SD = 0.80) who received a found-in were more discouraged than those who did not (M = 3.37, SD = 0.90, p \ .001).
Discussion
Across three national samples, both health effect and found-in strategies discouraged people from wanting to smoke. The health effect strategy elicited somewhat higher discouragement than the found-in strategy. Across all three studies, messages with only a health effect caused higher For adolescents, education is the mother's highest level of education. For adults, being a smoker is defined as having ever smoking at least 100 cigarettes and currently smoking every day or some days for adults. For adolescents, it is defined as having smoked at least 1 of the past 30 days Adolescent phone: n = 1123; Adult phone: n = 5000; Adult online: n = 4130. df = degrees of freedom * p \ 0.05; ** p \ 0.001 discouragement than messages without either strategy. Messages with only a found-in or both strategies also elicited high discouragement, but only in the adult online survey did messages with both strategies have a greater impact than those with a found-in only. Therefore, messages with only a health effect discourage people from wanting to smoke. Adding a found-in alongside a health effect is unlikely to enhance the impact of messages that people hear. In print materials, using both strategies may offer some small added benefit. We also explored smoking status as a moderator of the effects of the strategies. The prevalence of smoking among adults in our study (23-38 %) was somewhat higher than national estimates for a similar time period (17 %; Jamal et al., 2015) . In the adult surveys, smoking status moderated the effect of the found-in strategy on discouragement from wanting to smoke. That is, smokers who received a message with a found-in had higher discouragement than those who received a message without a found-in but remained far less discouraged overall than nonsmokers in both adult surveys. In the adult online survey only, nonsmokers who received found-in strategies had higher discouragement than those who did not. These analyses suggest that found-in strategies may be processed differently by smokers and nonsmokers, which may not be the case for health effect strategies. These findings have practical importance for constituent messages in health education campaigns and related public health efforts. When space or message length is a concern, health effect strategies should be prioritized over found-in strategies because health-effect strategies were equally potent for smokers and non-smokers.
Strengths and limitations
Study strengths include the experimental design and reliable replication of our findings across three large national samples of diverse adults and adolescents and across two data collection modes. Another strength of the study is that the health effect and found-in strategies varied across six cigarette smoke constituents, which increases the robustness of our findings. The main limitation of the study is the hypothetical nature of the experiment. Additional work is needed to show whether our findings will replicate in field studies that examine smoking behavior. Use of a single item to assess the main outcome is also a limitation. Although, cognitive testing among a diverse group of people found the item to be well understood, and using multiple items would only add statistical power not reduce it.
Conclusions
Our studies respond directly to the call for studies to identify effective messages about cigarette smoke constituents (Hammond et al., 2013) . The findings are congruent with previous research indicating that qualitative messages providing context about chemicals in cigarette smoke are more effective than messages providing only chemical names (Hammond et al., 2013) . As FCTC signatories continue to advance and improve their policies, our findings can inform effective message design. Using either health effect or found-in strategies is more effective than simply stating the chemical name. Thus, regulatory disclosures and other communication messages should include at least one of these message strategies to maximize comprehension. The choice of strategy may depend on the audience and the available space for text. It is also possible that, over time, the impact of message novelty may trump differences between types of strategies; therefore, varying message strategies and content may be a superior approach. Rotating and replacing messages over time is important in preventing the ''wear-out'' of messages (Borland et al., 2009) . Future research should identify specific constituents, health effects and found-in strategies that are most effective in discouraging smoking among the public. Research should also explore the utility of other messaging strategies, such as those about how long a constituent stays in the body or how it causes a particular health problem. Additionally, research should explore whether health effect and found-in strategies are effective with other key health disparity populations such as sexual minorities that have higher rates of cigarette smoking than the national smoking average (Lee et al., 2009 ). Other important tasks will be to assess the effect of messaging on smoking behavior, both in reducing initiation and encouraging and supporting cessation. This work may lead to improved understanding of the underlying psychological mechanisms by which constituent messaging works. Finally, to support international tobacco control efforts, further research should determine whether our findings are replicated in other cultural and national contexts.
